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[57] ABSTRACT

The present invention relates in general to color liquid
crystal displays and more particularly to color liquid
crystal displays in which the color filter functions as the
orientation layer. A film which functions as both an
orientation layer controlling the orientation of hquid
crystal molecules and as a color filter is described. A
process for producing the combination film 1s also de-
scribed. The process comprises synthesizing a poly-
imide precursor by the ring-opening polyaddition reac-
tion of a diamine component and an acid anhydride
component in a solvent. Wherein the diamine compo-
nent has a predetermined structure. Further, the acid
anhydride component has a predetermined structure.
Finally, the process includes the step of dispersing col-
oring materials in the polyimide precursor to form the
filter.

2 Claims, 1 Drawing Sheet
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COLOR LIQUID CRYSTAL DISPLAY AND
METHOD OF MANUFACTURE

This application is a continuation of application Ser.
No. 07/436,267, filed Nov. 13, 1989, now abandoned.

The present invention relates in general to color lig-
uid crystal displays and more particularly to color hqg-
uid crystal displays in which a color filter functions as
an orientation layer.

BACKGROUND OF INVENTION

This invention relates to a color liquid crystal display
having a film which functions as both an onentation
layer and as a color filter. In such displays, the orienta-
tion layer controls the orientation of the liquid crystal
molecules. The invention further relates to a method of
manufacturing such films.

Japanese Published Unexamined Patent Application
No. 59-29225 (Japanese Patent Application No.
57-138450) discloses the formation of a color filter by
printing predetermined patterns of each color with ink
compositions synthesized by mixing a resin known as
polyimide with coloring materials such as azo or anthra-
quinone dyes. The ink is printed on each surface of a
pair of glass substrates on which transparent electrodes
are farmed. This application further discloses the use of

the color filter as an organic orientation film. The for-
mation of a color filter by printing polyimide on each
surface of a pair of glass substrates is also disclosed. The
printed polyimide forms a resin film, which 1s patterned
using photographic technology. The resin film with the
predetermined patterns is immersed in a solvent in
which a colorant is dissolved to disperse the colorant in
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the resin film. Finally, the color filter is used as an or-
ganic orlentation film.

Japanese Published Unexamined Patent Application
(PUPA) No. 60-48020 (Japanese Patent Application
No. 58-154803) discloses a color liquid crystal display
having a color filter formed by mixing dyes in a poly-
imide based polymer on transparent electrodes formed
on a glass substrate. The color filter is provided with a
liquid crystal orientation by rubbing.

Although the methods described above are intended
to produce a polyimide film which functions as both an
orientation layer, controlling the orientation of liquid
crystal molecules, and a color filter, it has been found
that not all polyimides can be used as both a liquid
crystal orientation layer and a color filter layer. For
example, a diacid anhydride formed by bonding two
molecules of trimellitic acid, or amide diamine synthe-
sized from a dicarboxylic acid and a diamine cannot be
used practically, even if dyes are mixed with these com-
pounds, because of their poor liquid crystal orientation
properties and poor spectroscopic light transmissivity.

SUMMARY OF THE INVENTION

A film which functions as both an orientation layer,
controlling the orientation of liquid crystal molecules,
and as a color filter, wherein the film comprises recur-
ring units selected from the group consisting of:

T Q@}

SOy

0y OO}

A process for producing a film which functions both
as an orientation layer, controlling the orientation of
liquid crystal molecules, and as a color filter. The pro-
cess comprising: synthesizing a polyimide precursor by
the ring-opening polyaddition reaction of a diamine
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component and an acid anhydride component in a sol-
vent. The diamine component has the following struc-
ture:

HoN—C¢Hs4—X—CgHs—NH>

and element X comprises SO» or O. Further, the acid
anhydride component has the following structure:

wherein element R is 2 phenyl or benzophenone group.
Finally, the process includes the step of dispersing col-
oring materials in the polyimide precursor.

It is an object of this invention to provide a liquid
crystal color display having a layer with functions both
as a color filter of good spectroscopic light transmissiv-
ity, i.e., a high color purity and as a uniform hquid
crystal orientation layer, and a method of manufacture
thereof.

BRIEF DESCRIPTION OF THE DRAWING

The novel features of the invention are set forth with
particularity in the appended claims. The invention
itself, however, both as to organization and method of
operation, together with further objects and advantages
thereof, may best be understood by reference to the
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following description taken in conjunction with the
accompanying drawing in which:

FIG. 1 shows a cross-sectional view of an embodi-
ment of a color liquid crystal display according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A film having both the function of an orientation
layer which controls the orientation of liquid crystal

molecules and the function of a color filter, according
to this invention, comprises a polyimide having recur-
ring units represented by one of the following four
general formulas:
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The polyimide of this invention can be obtained by
the condensation polymerization reaction of a diamine
component having the following structure:

HoN—CeHy—X—CgHy—NH?

(where X is —SO3— or —0O—) and an acid anhydride
component having the following structure:

(where R is a phenyl or benzophenone radical).
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In order to produce a film which functions as both a
color filter and a liquid crystal orientation layer, an
organic film having the recurring units listed above i1s
manufactured by synthesizing a polyimide precursor by
the ring-opening polyaddition reaction of the above
components in a solvent. This is followed by the steps of
dispersing dyes in the polyimide precursor, applying the
dispersion to the surface of a glass substrate for liquid
crystal display elements, and drying and heat-treating
the glass substrate.

FIG. 1 shows an embodiment of a color liquid crystal
display according to the present invention. The color
liquid crystal display 2 has a pair of transparent glass
substrates 4 and 6 separated by a predetermined dis-
tance. On the picture element location inside the glass
substrate 4 are provided transparent display electrodes
8 consisting, for example, of Indium Tin Oxide (ITO).
On the picture element location inside the glass sub-
strate 4 are also provided transparent display electrodes
10 consisting, for example, of ITO. On the display elec-
trode 8 provided on the red picture element location, a
red filter/orientation film 16R according to the present
invention is formed which has both the function of an
orientation layer controlling the orientation of hqud
crystal molecules and the function of a red color filter.
On the display electrode 8 provided on the green pic-
ture element location, a green filter/orientation film
16G according to the present invention is formed which
has both the function of an orientation layer controlling
the orientation of liquid crystal molecules and the func-
tion of a green color filter. On the display electrode 8
provided on the blue picture element location, a blue
filter/orientation film 16B according to the present
invention is formed which has both the function of an
orientation layer controlling the orientation of liquid
crystal molecules and the function of a blue color filter.

On the display electrode 10 is provided an orientation
film 18 which controls the orientation of liquid crystal
molecules. The rubbing direction (orientation) of filter-

/orientation films 16R, 16G and 16B may differ from
that of the orientation film 18 by, for example, 90 de-

grees. Between filter/orientation films 16R, 16G and
16B, and the orientation film 18 is a liquid crystal layer
20 which is torsion-oriented by 90 degrees.

A polarizing plate 12 is provided outside the glass
substrate 4, and a polarizing plate 14 is provided outside
the glass substrate 6. The polarizing direction of the
polarizing plate 12 may, for example, match that of the
polarizing plate 14. The polarizing direction of the po-
larizing plate 12 is normally the same as the rubbing
direction of filter/orientation films 16R, 16G and 16B.
The polarizing direction of the polarizing plate 14 may
differ from the rubbing direction of the orientation film
18 by, for example, 90 degrees. Thus, when the display
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Polyimides are synthesized from a diamine and an
acid anhydride. The structure of a polyimide is deter-
mined by the combination of these materials. As the
result of examinations on spectrophotographic proper-
ties and liquid crystal orientation using various polyi-
mides synthesized from different diamines and acid
anhydrides in which coloring materials are dispersed,
the polyamides synthesized from the following diamine
components and acid anhydride components have been
found to be suitable for use as the filter/orientation films
16R, 16G and 16B.

Diamine Component
1) 3,3'-diaminodiphenyl sulfone

NH>
NH>

- 2) 4,4’ -diaminodiphenyl ether

Acid Anhydnide Component

1) Benzophenone tetracarboxylic dianhydride

0 0O 0
| | |
C C C
/ \
O O
\ /
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O O

2) Pyromellitic dianhydrnide
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A polyimide synthesized from the above diamine
components and acid anhydride components has recur-

is constructed as described above, the color iquid crys- 55 ring units represented by one of the following general

tal display 2 operates in a normally black mode.

formulas:
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To the above four types of polyimides, the following
coloring matenals were added to prepare samples:

Red: Solvent Red 122

Green: Solvent yellow 21-Solvent Blue 25 (5:4)

Blue: Acid Blue 129
(The designations “Solvent Red 1227, “Solvent Yellow
21", “Solvent Blue 25” and “Acid Blue 129" are well
know to those of skill in the art and may be found listed
in, for example, the “Color Index” published by the
Society of Dyers and Colourists (UK) third edition,
1982 which is hereby incorporated by reference.)

The dispersion properties of the above coloring mate-
rials in different polyimides differed from each other,
and the best combinations of these were:

Red: Combination of 4,4'-diaminodiphenyl ether and

pyromellitic dianhydride

Green: Combination of 3,3’-diaminodiphenyl sulfone

and benzophenone tetracarboxylic dianhydride

30

35

The adequate amount of the color materials was 3 to
20% by weight for the solid resin, and a silane coupling
agent for the improvement of adhesion and a solvent
(polar non-proton solvent such as benzene, cyclohexa-
none and methyl cellosolve) for viscosity adjustment
were added.

The silane coupling agent may be added to the poly-
imide precursor, or a film of the silane coupling agent
may be intervened between filter/orientation films 16R,
16G and 16B, and the glass substrate 4.

Now, an embodiment of the process for producing a
color liquid crystal display as shown in FI1G. 1 will be
described in relation to the fabrication of filter/orienta-
tion films 16R, 16G and 16B. First, the 4,4'-
diaminodiphenyl ether, pyromellitic dianhydride (mol
ratio=1:1) and N-methyl-2-pyrrolidone underwent a
ring-opening polyaddition reaction in a flask to obtain a
polyimide precursor. The polyimide precursor was

Blue: Combination of 3,3'-diaminodiphenyl sulfone 45 diluted with a solvent, and 15% by weight of Solvent

and benzophenone tetracarboxylic dianhydride
The structural formulas are as follows:

Red:

Green and Blue:
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Red 122 for the solid resin was is evenly dispersed to
prepare a solution for the red filter. Next, 3,3'-
diaminodiphenyl sulfeon and benzophenone tetracar-
boxylic dianhydride (mol ratio=1:1) were allowed to
react to obtain another polyimide precursor. The poly- 5
imide precursor was diluted with a solvent, and 10% by
weight of a mixture of Solvent Yellow 21 and Solvent
Blue 25 (5:4) was evenly dispersed to prepare a solution
for the green filter. Also, 3,3'-diaminodiphenyl sulfone
‘and benzophenone tetracarboxylic dianhydnide (mol
ratio=1:1) were allowed to react to obtain a polyimide
precursor. The polyimide precursor was diluted with a
solvent, and 8% by weight of Acid Blue 129 was evenly
dispersed to prepare a solvent for the blue filter. To
each of the three polyimide precursor solutions, 0.5% of 15
an amino silane coupling agent 1s added and stirred to
obtain a material for forming a color filter/liquid crystal
orientation film.

A glass substrate 4, on which the predetermined pat-
terns of display electrodes 8 was formed, was spin-
coated with the solution for the red filter, prebaked,
then spin-coated with a positive resist, and prebaked.
The positive resist was exposed to ultraviolet rays
through a predetermined photomask. The positive resist
was then developed, etched with an aqueous solution of 25
sodium hydroxide, rinsed, dried and removed to form a
red filter/orientation film 16R. After postbaking, a
green filter/orientation film 16G was formed using the
solution for the green filter, and a blue filter/orientation
film 16B was formed in a similar way.

The predetermined patterns of display electrodes 10
were formed on the glass substrate 6 facing the glass
substrate 4, and a known polyimide orientation film
(e.g., JIB manufactured by Japan Synthetic Rubber
Co.) was formed. The two substrates were rubbed in the
predetermined direction and heat-sealed with a sealant
such as an epoxy resin, and a liqud crystal (e.g., ZL!-
3449-100 manufactured by Merck & Co.) was injected
between them. As a result, a color reproduction area of
70% of the National Television System Committee 40
(N'TSC) area, and having uniform orientation without
reverse domain, even under a polarization microscope,
were confirmed. The NTSC area may be defined as a
triangle on the standard Cromaticity Diagram, wherein
the apexes of the tnangle have Cromaticity Coordinates
at (0.67, 0.33), (0.21, 0.71) and (0.14, 0.08).

Although dyes were used in the above embodiment,
any coloring materials such as pigments may be used.

‘The above description is for a normally-black twisted
nematic liquid crystal display. However, it will easily be
understood by those skilied in the art that this invention
can be applied to a normally-white twisted nematic
liquid crystal display in which the polarizing direction
of the polanization plate 12 matches the orientation of
filter/orientation films 16R, 16G and 16B. In the nor- 55
mally white display, the polarizing direction of the
polarization plate 14 normally matches the orientation
of filter/orientation films 16R, 16G and 16B and the
orientation of filter/orientation films (16R, 16G and
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16B may differ from the orientation of the orientation
film 18 by, for example, 90 degrees.

It will also be understood by those skilled in the art
that this invention is not limited to a twisted nematic
liquid crystal display but may be applied to any color
liquid crystal display that requires orientation.

As described above, according to the present inven-
tion, a film is provided with both the function of a color
filter with a high color purity and the function of uni-
form liquid crystal orientation.

While preferred embodiments of the present inven-
tion have been shown and described herein, 1t will be
obvious to those skilled in the art that such embodi-
ments are provided by way of example only. Numerous
variations, changes, and substitutions will now occur to
those skilled in the art without departing from the 1in-
vention. Accordingly, it is intended that the invention
be limited only by the spirit and scope of the appended
claims.

What I claim is:

1. A liquid crystal display comprising a pair of trans-
parent substrates and liquid crystal material retained
between said substrates so as to define a plurality of
display cells, each display cell comprising at least one
electrode formed on a first of said substrates, and red,
green and blue color filters arranged in proximity to
each other, and at least one electrode formed on the
other of said substrates; said red color filter including a
film comprising recurring units of the formula (1) and
red coloring material dispersed in said film,

(1)
O 0
I |
C C
/ \

N N O
SOE = J(
C C
I |
O O

said green color filter including a film comprising recur-
ring units of the formula (2) and green coloring material

dispersed in said film,

o (2)
0 I O SO
| ) ]
O O S
N,\ #_,N
C C
1 |
O O

said blue color filter including a film comprising recur-
ring units of said formula (2) and blue coloring material
dispersed in said film.

2. The liquid crystal display of claim 1 wherein said
films serve as orientation layers for said liquid crystal

matenal.
* ¥ ¥ ¥k %*
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